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Abstract

The single-phase, cubic-perovskite region of the LAO -SrO-GaO -MgO phase diagram1.5 1.5

has been determined from room-temperature and high-temperature x-ray diffraction.  Two
impurity phases were identified, LaSrGaO  and LaSrGa O .  An essentially pure oxide-ion4 3 7

conductivity of the oxygen-deficient perovskite phase was formed over the wide range
10  # Po  # 1 atm of oxygen partial pressures.  The highest values of F  were found for-22

2 o

La Sr Ga Mg O  with F  = 0.17 S/cm and 0.08 S/cm at 800EC and 700EC, respectively. 0.8 0.2 0.83 0.17 2.815 o

The oxide-ion conductivities remained stable over a week-long test.  The Arrhenius plot of F  iso

curved, dividing into two straight-line regions with different activation energies above and below
a critical temperature T* = 600EC.  This behavior is well-described by a model in which all the
oxygen vacancies are mobile at temperature T > T*, but they progressively condense into clusters
of ordered vacancies with decreasing temperature T < T*.

SEM microstructures of samples La Sr Ga Mg O , 0.05 # y # 0.30, were obtained1.8 0.2 1-y y 2.9-0.5y

after thermal etching at 1350EC for 2 h.  Smaller grain sizes were found in the two-phase regions. 
The impurity LaSrGa O  appearing for 0.05 # y # 0.10 is seen distributed over the grain3 7

boundaries.  The impurity LaSrGaO , existing in samples with 0.25 # y # 0.30, melts at 1400EC4

and is in a molten state at the sintering temperature 1470EC; it therefore acts as a flux and appears
to drain away from the grain boundaries to form globular second-phase regions at grain-boundary
intersections.  TEM micrographs show well-bonded grain-boundary interfaces where x-ray dif-
fraction shows a LaSrGaO  second phase.4

AC-impedance spectroscopy was used to investigate the grain-boundary contribution to
the DC resistance and the influence of impurities on this contribution.  The impurity LaSrGa O  in3 7

samples 0.05 # y # 0.10 contributed to a perfect or a depressed grain-boundary semicircle in the
complex-impedance plane.  The depressed semicircle represents a constant-phase element (CPE)
indicative of an oxide-ion insulator, viz, the LaSrGa O  impurity, at the grain boundary.  This3 7

grain-boundary semicircle vanishes if a hydrogen-containing atmosphere is applied, which indi-
cates good proton conduction across the impurity phase at the grain boundaries.  In contrast, the
impurity LaSrGaO  seen in samples with 0.25 # y # 0.30 gives no grain-boundary contribution to4

the impedance; in fact, the grain-boundary semicircle vanishes in these samples.

The performance of the optimized electrolyte La Sr Ga Mg O  (LSGM)0.8 0.2 0.83 0.17 2.815

in a SOFC was tested on single cells having a 500-µm-thick electrolyte membrane and a



La Sr CoO  cathode.  It was found that poor anode performance was due to a reactivity of the1-x x 3-0

NiO in the composite NiO·CeO  or NiO·LSGM anodes with LSGM to form LaNiO  at the anode-2 3

electrolyte interface.  To prevent this reaction, a thin Sm-doped CeO  layer was introduced2

between the electrolyte and the anode.  Comparison of Sm:CeO /Sm:CeO  + Ni and2 2

Sm:CeO  + Ni anodes showed that introduction of the Sm:CeO  interlayer gave an exchange-2 2

current density four times larger.  The peak power density of the interlayered thick-electrolyte cell
was 100 mW higher than a cell without the interlayer.  The improvement was shown to be due to
a reduction of the anode overpotential.  Comparison of the peak power density in this study with
that of a previous study, also with a 500-µm-thick electrolyte, shows a factor of two improve-
ments, i.e., from 270 mW/cm  to 550 mW/cm  at 800EC.  This excellent cell performance indi-2 2

cates that an LSGM-based SOFC operating in the temperature range 600EC < T  < 800EC is aop

realistic goal.
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